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(54) METHOD FOR DATA STREAM MULTIPLEXING AND TERMINAL

(67)  Embodiments of this application disclose a data
stream multiplexing method and a terminal. The method
may include: determining, by a terminal, a third frequen-
cy-domain data stream, where the third frequency-do-
main data stream includes a first frequency-domain data
stream and a second frequency-domain data stream, a
length of the third frequency-domain data stream is 2N,
lengths of both the first frequency-domain data stream
and the second frequency-domain data stream are N,
data in the first frequency-domain data stream and data
in the second frequency-domain data stream are sepa-
rately mapped to different locations in the third frequen-
cy-domain data stream, the first frequency-domain data

stream is obtained by performing first processing on a
first source data stream, the first processing includes ze-
ro adding processing and Fourier transform processing,
the second frequency-domain data stream is obtained
by performing second processing on a second source
data stream, and the second processing includes cyclic
extension processing; converting, by the terminal, the
third frequency-domain data stream into time-domain da-
ta; and sending, by the terminal, the time-domain data
to a base station. According to the embodiments of this
application, a PAPR may be adjusted when to-be-sent
data and a reference signal are multiplexed, to ensure
demodulation performance on a base station side.
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Description
TECHNICAL FIELD

[0001] This application relates to the field of communications technologies, and in particular, to a data stream multi-
plexing method and a terminal.

BACKGROUND

[0002] In a new radio (New Radio, NR) system and a long term evolution (Long Term Evolution, LTE) system, a
terminal may perform symbol-level scheduling, for example, may send data by using some symbols in a slot. When a
quantity of symbols for sending data is relatively small, if a reference signal and to-be-sent data occupy different time-
domain symbols, overheads of the reference signal are relatively high and relatively serious waste of time-frequency
resources is caused. Therefore, for data transmission scheduled by using these short symbols, the reference signal and
the to-be-sent data may be frequency-divided in a same symbol, and overheads of the reference signal may be controlled
by adjusting a quantity of reference signals in one symbol. For a single-carrier frequency-division multiple access (Single-
carrier Frequency-Division Multiple Access, SC-FDMA) waveform, which may also be referred to as a discrete Fourier
transform spread orthogonal frequency division multiplexing (Discrete Fourier Transform Spread Orthogonal Frequency
Division Multiplexing, DFT-S-OFDM) waveform, the to-be-sent data is converted into frequency-domain data by per-
forming Fourier transform, and then the frequency-domain data and the reference signal are mapped to different sub-
carriers in one symbol. Then, inverse Fourier transform is performed to obtain time-domain data in one symbol. In the
obtained time-domain data in one symbol, the reference signal and the to-be-sent data may overlap. As a result, a PAPR
thereof is higher than a PAPR that is of an SC-FDMA waveform and that is obtained when one symbol has only to-be-
sent data.

[0003] Output power obtained after a waveform with a relatively high PAPR passes through a power amplifier (Power
Amplifier, PA) is lower than that obtained after a waveform with a relatively low PAPR passes through the PA. Relatively
low output power means a loss of demodulation performance on a base station side.

SUMMARY

[0004] A technical problem to be resolved in embodiments of this application is to provide a data stream multiplexing
method and a terminal, to adjust a PAPR when to-be-sent data and a reference signal are multiplexed, to ensure
demodulation performance on a base station side.

[0005] According to a first aspect, an embodiment of this application provides a data stream multiplexing method. The
method may include:

[0006] A terminal determines a third frequency-domain data stream, where the third frequency-domain data stream
includes a first frequency-domain data stream and a second frequency-domain data stream, a length of the third fre-
quency-domain data stream is 2N, lengths of both the first frequency-domain data stream and the second frequency-
domain data stream are N, data in the first frequency-domain data stream and data in the second frequency-domain
data stream are separately mapped to different locations in the third frequency-domain data stream, the first frequency-
domain data stream is obtained by performing first processing on a first source data stream, the first processing includes
zero adding processing and Fourier transform processing, the second frequency-domain data stream is obtained by
performing second processing on a second source data stream, and the second processing includes cyclic extension
processing.

[0007] The terminal converts the third frequency-domain data stream into time-domain data.

[0008] The terminal sends the time-domain data to a base station.

[0009] The terminal performs the zero adding processing on the first source data stream and performs the cyclic
extension processing on the second source data stream, so that the two frequency-domain data streams have a same
length and both lengths are N. Then, when the terminal combines the two frequency-domain data streams into the third
frequency-domain data stream, and converts the third frequency-domain data stream into the time-domain data, a data
stream obtained through cyclic extension is filled in a zero-added location in a zero-added data stream in time domain,
thereby avoiding signal overlapping and reducing a PAPR value to obtain a PAPR that is basically the same as that
obtained when a time-domain symbol has only data, to ensure demodulation performance on a base station side.
[0010] In a possible implementation, a length of the first source data stream is N(K-1)/K, a length of the second source
data stream is N/K, the zero adding processing includes adding N/K zeros to the first source data stream to obtain a
first zero-added data stream having a length of N, and locations of the N/K zeros in the first zero-added data stream are
k + p X K, where p is each integer from 0 to N/K - 1, k is a value from O to K - 1, k is an integer, N is a positive integer,
and K is a positive integer greater than 1, where
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the Fourier transform processing includes performing Fourier transform processing on the first zero-added data stream.
[0011] When the first frequency-domain data stream and the second frequency-domain data stream are processed
in the foregoing manner, it can be ensured that data of the first frequency-domain data stream in the third frequency-
domain data stream and data of the second frequency-domain data stream in the third frequency-domain data stream
do not overlap in time domain, thereby ensuring a relatively low PAPR.

[0012] Ina possibleimplementation, k=0 . When k=0, phase rotation may not be performed on the second frequency-
domain data stream, and the two data streams may be directly combined in frequency domain.

[0013] In a possible implementation, first indication information is received from the base station, where the first
indication information indicates a value of K.

[0014] In a possible implementation, a power ratio of the first frequency-domain data stream to the second frequency-
domain data stream is (K - 1):1.

[0015] In a possible implementation, the second processing further includes power adjustment processing, and a

power adjustment factor used in the power adjustment processing is 0= 1/‘/? .
[0016] In a possible implementation, the second processing further includes phase rotation processing, and a phase
—j27hkn

: . . . SN = N ) .
rotation factor of the phase rotation processing is ,n=0,1,2,..., N-1, eis a base of a natural logarithm,
and j is an imaginary unit.
[0017] In a possible implementation, the first source data stream is a modulated data stream, and the second source
data stream is a second reference signal stream; or
the first source data stream is a first reference signal stream, and the second source data stream is obtained by performing
Fourier transform processing on a second modulated data stream.
[0018] In a possible implementation, the method further includes:

receiving second indication information from the base station, where the second indication information indicates
that the first source data stream is a first modulated data stream and the second source data stream is the second
reference signal stream; or

the second indication information indicates that the first source data stream is the first reference signal stream and
the second source data stream is obtained by performing Fourier transform processing on the second modulated
data stream.

[0019] In a possible implementation, the data in the first frequency-domain data stream is mapped to an odd-number
location in the third frequency-domain data stream, and the data in the second frequency-domain data stream is mapped
to an even-number location in the third frequency-domain data stream; or

the data in the first frequency-domain data stream is mapped to an even-number location in the third frequency-domain
data stream, and the data in the second frequency-domain data stream is mapped to an odd-number location in the
third frequency-domain data stream.

[0020] In a possible implementation, N=Ng./2, where Ng is a quantity of subcarriers corresponding to a bandwidth
allocated to the terminal.

[0021] According to a second aspect, an embodiment of this application provides a terminal. The terminal may include:

a processing unit, configured to: determine a third frequency-domain data stream, where the third frequency-domain
data stream includes a first frequency-domain data stream and a second frequency-domain data stream, a length
of the third frequency-domain data stream is 2N, lengths of both the first frequency-domain data stream and the
second frequency-domain data stream are N, data in the first frequency-domain data stream and data in the second
frequency-domain data stream are separately mapped to different locations in the third frequency-domain data
stream, the first frequency-domain data stream is obtained by performing first processing on a first source data
stream, the firstprocessing includes zero adding processing and Fourier transform processing, the second frequency-
domain data stream is obtained by performing second processing on a second source data stream, and the second
processing includes cyclic extension processing; and

convert the third frequency-domain data stream into time-domain data; and

a transceiver unit, configured to send the time-domain data to a base station.

[0022] In a possible implementation, a length of the first source data stream is N(K - 1)/K, a length of the second
source data stream is N/K, the zero adding processing includes adding N/K zeros to the first source data stream to
obtain a first zero-added data stream having a length of N, and locations of the N/K zeros in the first zero-added data
stream are k + p X K, where p is each integer from 0 to N/K - 1, kis a value from 0 to K - 1, k is an integer, N is a positive
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integer, and K is a positive integer greater than 1, where

the Fourier transform processing includes performing Fourier transform processing on the first zero-added data stream.
[0023] In a possible implementation, k = 0.

[0024] In a possible implementation, the transceiver unit is further configured to:

receive first indication information from the base station, where the first indication information indicates a value of K.
[0025] In a possible implementation, a power ratio of the first frequency-domain data stream to the second frequency-
domain data stream is (K - 1):1.

[0026] In a possible implementation, the second processing further includes power adjustment processing, and a

power adjustment factor used in the power adjustment processing is H = 1/‘/? .

[0027] In a possible implementation, the second processing further includes phase rotation processing, and a phase
—j27kn

=e

Jjogn
rotation factor of the phase rotation processing is et

and j is an imaginary unit.

[0028] In a possible implementation, the first source data stream is a modulated data stream, and the second source
data stream is a second reference signal stream; or

the first source data stream is a first reference signal stream, and the second source data stream is obtained by performing
Fourier transform processing on a second modulated data stream.

[0029] In a possible implementation, the transceiver unit is further configured to:

,n=0,1,2,...,N-1, eis abase of a natural logarithm,

receive second indication information from the base station, where the second indication information indicates that
the first source data stream is a first modulated data stream and the second source data stream is the second
reference signal stream; or

the second indication information indicates that the first source data stream is the first reference signal stream and
the second source data stream is obtained by performing Fourier transform processing on the second modulated
data stream.

[0030] In a possible implementation, the data in the first frequency-domain data stream is mapped to an odd-number
location in the third frequency-domain data stream, and the data in the second frequency-domain data stream is mapped
to an even-number location in the third frequency-domain data stream; or

the data in the first frequency-domain data stream is mapped to an even-number location in the third frequency-domain
data stream, and the data in the second frequency-domain data stream is mapped to an odd-number location in the
third frequency-domain data stream.

[0031] According to a third aspect, an embodiment of this application provides a communications apparatus. The
communications apparatus may be aterminal or a chip in aterminal. The communications apparatus includes a processor,
the processor is coupled to a memory, the memory is configured to store a computer program or instructions, and the
processor is configured to execute the computer program or the instructions in the memory, so that the communications
apparatus performs the method according to the first aspect of claims. Optionally, the communications apparatus further
includes the memory.

[0032] According to a fourth aspect, an embodiment of this application provides a computer storage medium. The
storage medium is configured to store a computer program or instructions. When the program is run on a computer, the
computer is enabled to perform the method according to any one of the first aspect or the implementations of the first
aspect.

[0033] According to a fifth aspect, an embodiment of this application provides a computer program product. The
program product includes a program, and when the program is run, the method according to any one of the first aspect
or the implementations of the first aspect is performed.

BRIEF DESCRIPTION OF DRAWINGS

[0034] To describe the technical solutions in the embodiments of this application or in the background more clearly,
the following describes the accompanying drawings used for describing the embodiments of this application or the
background.

FIG. 1 is a schematic architectural diagram of a data stream multiplexing system according to an embodiment of
this application;

FIG. 2 is a schematic flowchart of a data stream multiplexing method according to an embodiment of this application;
FIG. 3a is a schematic flowchart of data stream processing in the method shown in FIG. 2;
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FIG. 3b is a schematic diagram of mapping in frequency domain during data stream multiplexing in the method
shown in FIG. 2;

FIG. 4 is a schematic flowchart of a method for generating a third frequency-domain data stream by a terminal
according to an embodiment of this application;

FIG. 5a is a schematic flowchart of data stream processing in the method shown in FIG. 4;

FIG. 5b is a schematic flowchart of another data stream processing in the method shown in FIG. 4;

FIG. 6 is a schematic composition diagram of a terminal according to an embodiment of this application;

FIG. 7 is a schematic composition diagram of another terminal according to an embodiment of this application; and
FIG. 8 is a schematic composition diagram of a communications apparatus according to an embodiment of this
application.

DESCRIPTION OF EMBODIMENTS

[0035] The following describes the embodiments of this application with reference to the accompanying drawings in
the embodiments of this application.

[0036] The terms "including", "comprising", or any other variant thereof mentioned in the specification, claims, and the
accompanying drawings of this application, are intended to cover non-exclusive inclusion. For example, a process, a
method, a system, a product, or a device that includes a series of steps or units is not limited to the listed steps or units,
but optionally further includes an unlisted step or unit, or optionally further includes another inherent step or unit of the
process, the method, the product, or the device.

[0037] FIG. 1 is a schematic architectural diagram of a data stream multiplexing system according to an embodiment
of this application. The system may include, but is not limited to, a terminal 10 and a base station 20.

[0038] The terminal 10 in this embodiment of this application may also be referred to as a terminal device, and may
be a device with a wireless transceiver function. The terminal 10 may be deployed on land, including an indoor or outdoor
scenario and a handheld or an in-vehicle scenario, or may be deployed on water (for example, a ship), or may be
deployed in the air (for example, an airplane, a balloon, or a satellite). The terminal 10 may be user equipment (user
equipment, UE). The UE includes a handheld device, a vehicle-mounted device, a wearable device, or a computing
device that has a wireless communications function. For example, the UE may be a mobile phone (mobile phone), a
tablet computer, or a computer with a wireless transceiver function. The terminal device may alternatively be a virtual
reality (virtual reality, VR) terminal device, an augmented reality (augmented reality, AR) terminal device, a wireless
terminal in industrial control, a wireless terminal in self-driving, a wireless terminal in telemedicine, a wireless terminal
in a smart grid, a wireless terminal in a smart city (smart city), a wireless terminal in a smart home (smart home), and
the like. In this embodiment of this application, an apparatus configured to implement a function of the terminal may be
a terminal, or may be an apparatus that can support the terminal in implementing the function, for example, a chip
system. In this embodiment of this application, the chip system may include a chip, or may include a chip and another
discrete device. In technical solutions provided in the embodiments of this application, an example in which the apparatus
configured to implement the function of the terminal is a terminal and the terminal is UE is used to describe the technical
solutions provided in the embodiments of this application.

[0039] The base station 20 (base station, BS) in this embodiment of this application may be a device that is deployed
in a radio access network and that can perform wireless communication with a terminal. The base station 20 may have
a plurality of forms, for example, a macro base station, a micro base station, a relay station, and an access point. For
example, the base station 20 in this embodiment of this application may be a base station in 5G or a base station in
LTE, and the base station in 5G may also be referred to as a transmission reception point (transmission reception point,
TRP) or a gNB (gNodeB). In this embodiment of this application, an apparatus configured to implement a function of the
base station may be a base station, or may be an apparatus that can support the base station in implementing the
function, for example, a chip system. In technical solutions provided in the embodiments of this application, an example
in which the apparatus configured to implement the function of the base station is a base station is used to describe the
technical solutions provided in the embodiments of this application.

[0040] The base station may exchange information with UE or configure a parameter for UE by using semi-static
signaling and/or dynamic signaling. In this embodiment of this application, the semi-static signaling may be radio resource
control (radio resource control, RRC) signaling, a broadcast message, a system message, or a media access control
(medium access control, MAC) control element (control element, CE). The broadcast message may include remaining
minimum system information (remaining minimum system information, RMSI).

[0041] In this embodiment of this application, the dynamic signaling may be physical layer signaling. The physical
layer signaling may be signaling carried on a physical control channel or signaling carried on a physical data channel.
The physical data channel may be a downlink channel, for example, a physical downlink shared channel (physical
downlink shared channel, PDSCH). The physical control channel may be a physical downlink control channel (physical
downlink control channel, PDCCH), an enhanced physical downlink control channel (enhanced physical downlink control
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channel, EPDCCH), a narrowband physical downlink control channel (narrowband physical downlink control channel,
NPDCCH), or a machine type communication physical downlink control channel (machine type communication (MTC)
physical downlink control channel, MPDCCH). Signaling carried on the PDCCH or the EPDCCH may also be referred
to as downlink control information (downlink control information, DCI). The physical control channel may alternatively
be a physical sidelink control channel (physical sidelink control channel, PSCH). Signaling carried on the physical sidelink
control channel may also be referred to as sidelink control information (sidelink control information, SCI).

[0042] The following describes in detail a data stream multiplexing method in this application with reference to FIG. 2
to FIG. 5b.

[0043] Referto FIG. 2 and FIG. 3a. FIG. 2 is a schematic flowchart of a data stream multiplexing method according
to an embodiment of this application. FIG. 3a is a schematic flowchart of data stream processing in the method shown
in FIG. 2. The method shown in FIG. 2 specifically includes the following steps:

[0044] S201. A terminal determines a third frequency-domain data stream.

[0045] The third frequency-domain data stream includes a first frequency-domain data stream and a second frequency-
domain data stream, a length of the third frequency-domain data stream is 2N, and lengths of both the first frequency-
domain data stream and the second frequency-domain data stream are N.

[0046] The length of the third frequency-domain data stream being 2N indicates that the third frequency-domain data
stream includes 2N pieces of data (or indicates that the third frequency-domain data stream includes 2N elements). The
lengths of both the first frequency-domain data stream and the second frequency-domain data stream being N indicates
that each of the first frequency-domain data stream and the second frequency-domain data stream includes N pieces
of data (or indicates that each of the first frequency-domain data stream and the second frequency-domain data stream
includes N elements).

[0047] Data in the first frequency-domain data stream and data in the second frequency-domain data stream are
separately mapped to different locations in the third frequency-domain data stream.

[0048] This may be understood as that a frequency-domain resource location to which the first frequency-domain data
stream is mapped through resource mapping is different from a frequency-domain resource location to which the second
frequency-domain data stream is mapped through resource mapping. For example, the first frequency-domain data
stream may be mapped to N subcarriers and the second frequency-domain data stream may be mapped to N subcarriers.
The N subcarriers to which the first frequency-domain data stream is mapped are different from the N subcarriers to
which the second frequency-domain data stream is mapped.

[0049] Optionally, the data in the first frequency-domain data stream is at an odd-number location in the third frequency-
domain data stream, and the data in the second frequency-domain data stream is at an even-number location in the
third frequency-domain data stream.

[0050] For example, when N is 12, indexes of locations in the third frequency-domain data stream having a length of
24 are each of 0 to 23. Data in the first frequency-domain data stream having a length of 12 may be sequentially mapped
to locations whose indexes are 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, and 23 in the third frequency-domain data stream
having the length of 24. Data in the second frequency-domain data stream having a length of 12 may be sequentially
mapped to locations whose indexes are 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, and 22 in the third frequency-domain data
stream having the length of 24.

[0051] Optionally, the data in the first frequency-domain data stream is at an even-number location in the third fre-
quency-domain data stream, and the data in the second frequency-domain data stream is at an odd-number location in
the third frequency-domain data stream.

[0052] Forexample, FIG. 3b is a schematic diagram of mapping in frequency domain during data stream multiplexing
in the method shown in FIG. 2. When N is 12, indexes of locations in the third frequency-domain data stream having a
length of 24 are each of 0 to 23. Data in the first frequency-domain data stream having a length of 12 includes a total of
12 pieces of data {py.p4.p2,-...P14}, and may be sequentially mapped to locations whose indexes are 0, 2, 4, 6, 8, 10, 12,
14, 16, 18, 20, and 22 in the third frequency-domain data stream having the length of 24. Data in the second frequency-
domain data stream having a length of 12 includes a total of 12 pieces of data {q;,94,95,-..G14}, and may be sequentially
mapped to locations whose indexes are 1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, and 23 in the third frequency-domain data
stream having the length of 24.

[0053] The first frequency-domain data stream is obtained by performing first processing on a first source data stream.
The first processing may include zero adding processing and Fourier transform processing. The second frequency-
domain data stream is obtained by performing second processing on a second source data stream. The second process-
ing may include cyclic extension processing.

[0054] Optionally, the zero adding may include: zero adding based on an interval K, and the adding zeros based on
an interval K may be understood as follows: an interval between two adjacent zeros in a first zero-added data stream is K.
[0055] Optionally, the cyclic extension may include repeating, for example, repeating for K times.

[0056] Optionally, a zero adding interval and a quantity of repetitions are the same, for example, both are K.

[0057] The zero adding interval and the quantity of repetitions are the same, so that the two frequency-domain data
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streams may be mapped to the third frequency-domain data stream, and after the third frequency-domain data stream
is converted into time-domain data, data in a repeated data stream may be supplemented to a zero-added location in
the zero-added data stream, thereby avoiding data overlapping and ensuring a desirable PAPR, to ensure demodulation
performance on a base station side.

[0058] Optionally, a length of the first source data stream is N(K - 1)/K, the zero adding processing includes adding
NIK zeros to the first source data stream to obtain the first zero-added data stream having a length of N, and locations
of the N/K zeros in the first zero-added data stream are k + p X K, where p is each integer from 0 to N/K - 1, kis a value
from 0 to K- 1 and kis an integer, N is a positive integer, and K is a positive integer, for example, K is a positive integer
greater than 1, for example, K may be 2, 3, 4, or more.

[0059] Optionally, a value of K may be indicated by a base station, and the terminal may receive first indication
information from the base station, where the first indication information indicates the value of K. The value of k may be
indicated by signaling sent by the base station, or may be preconfigured in the terminal and the base station.

[0060] Optionally, signaling that carries the first indication information may be semi-static signaling and/or dynamic
signaling.

[0061] It may be understood that during the zero adding processing, the zero adding processing may be performed
on the first source data stream based on the interval K to obtain the first zero-added data stream, and then the Fourier
transform processing is performed on the first zero-added data stream to obtain the first frequency-domain data stream.
k may be understood as a start position of zero adding.

[0062] Optionally, k = 0. This may be understood as that the first zero is placed before the first data location in the
first source data stream, or this may be understood as that the first data of the first zero-added data stream is zero, or
this may be understood as that a mapping start point of zero is 0.

[0063] Optionally, a length of the second source data stream is N/K, and the cyclic extension processing may be
performing cyclic extension on the second source data stream having the length of N/K to obtain the second frequency-
domain data stream having a length of N.

[0064] N/K s a positive integer. Optionally, the cyclic extension processing may be repeating the second source data
stream having the length of N/K for K times to obtain the second frequency-domain data stream having a length of N.
[0065] Optionally, a power ratio of the first frequency-domain data stream to the second frequency-domain data stream
is (K-1):1.

[0066] Optionally, the second processing further includes power adjustment processing, and a power adjustment factor

used in the power adjustment processing is H =1/NK . The power adjustment factor is adjusted, so that the power
ratio of the first frequency-domain data stream to the second frequency-domain data stream may be (K - 1):1. Certainly,

it may be that H=a/NK , Where a is a constant, to implement more flexible power adjustment in different scenarios.
[0067] Optionally, the second processing further includes phase rotation processing, and a phase rotation factor of
—j27kn

fogn
S —e N

the phase rotation processing is e
imaginary unit.

[0068] The second frequency-domain data stream is obtained by performing phase rotation processing, so that when
the third frequency-domain data stream is generated, the data in the second frequency-domain data stream and the
data in the first frequency-domain data stream are staggered in time domain, thereby ensuring a relatively desirable
PAPR and helping to ensure demodulation performance on a base station side.

[0069] S202. The terminal converts the third frequency-domain data stream into time-domain data.

[0070] Optionally, during transform, inverse Fourier transform may be performed on the third frequency-domain data
stream to obtain the time-domain data, or after inverse Fourier transform is separately performed on the first frequency-
domain data stream and the second frequency-domain data stream, time-domain data may be combined.

[0071] In a first implementation, inverse Fourier transform may be performed on the third frequency-domain data
stream to obtain the time-domain data.

[0072] In a second implementation, the terminal may alternatively perform resource mapping and inverse Fourier
transform on the first frequency-domain data stream to obtain first time-domain data, perform resource mapping and
inverse Fourier transform on the second frequency-domain data stream to obtain second time-domain data, and combine
the first time-domain data and the second time-domain data to obtain the time-domain data.

[0073] As can be learned, the foregoing two implementations of obtaining the time-domain data may be equivalent.
Energy of data at some locations in the first time-domain data generated in this application is very low and is close to
0. In the second time-domain data generated in this application, energy of data at some locations is relatively high, and
energy of data at other locations is very low and is close to 0. The some locations in the second time-domain data are
the same as the some locations in the first time-domain data. Therefore, when the first time-domain data and the second

,n=0,12,.,N -1, e is a base of a natural logarithm, and j is an
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time-domain data are combined, overlapping of high-energy data can be significantly avoided, thereby reducing a PAPR.
[0074] In addition, in the present invention, the value of K can be adjusted to flexibly adjust a ratio of a length of the
first source data stream to a length of the second source data stream, to adjust a ratio of a length of a reference signal
to a length of modulated data.

[0075] Optionally, in a first implementation, inverse Fourier transform and cyclic prefix (cyclic prefix, CP) adding may
be alternatively performed on the third frequency-domain data stream to obtain the time-domain data.

[0076] Optionally, in a second implementation, the terminal may alternatively sequentially perform resource mapping,
inverse Fourier transform, and cyclic prefix adding on the first frequency-domain data stream to obtain first time-domain
data, sequentially perform resource mapping, inverse Fourier transform, and cyclic prefix adding on the second frequency-
domain data stream to obtain second time-domain data, and combine the first time-domain data and the second time-
domain data to obtain the time-domain data.

[0077] S203. The terminal sends the time-domain data to a base station.

[0078] In the method in FIG. 2, the terminal performs the zero adding processing on the first source data stream and
performs the cyclic extension processing on the second source data stream, so that the two frequency-domain data
streams have a same length and both lengths are N. Then, when the terminal combines the two frequency-domain data
streams into the third frequency-domain data stream, and converts the third frequency-domain data stream into the time-
domain data, a data stream obtained through cyclic extension is filled in a zero-added location in a zero-added data
stream in time domain, thereby avoiding signal overlapping and reducing a PAPR value to obtain a PAPR that is basically
the same as that obtained when a time-domain symbol has only data, to ensure demodulation performance on a base
station side.

[0079] RefertobothFIG.4andFIG.5a.FIG.4 is aschematicflowchart of a method for generating to-be-sent frequency-
domain data by a terminal according to an embodiment of this application. FIG. 5a is a schematic flowchart of data
stream processing in the method shown in FIG. 4. In this embodiment, the method shown in FIG. 4 includes the following
steps:

[0080] S401. A terminal obtains a first source data stream.

[0081] A length of the first source data stream is My, where My = N(K - 1)/K.

[0082] Optionally, the first source data stream may be represented as dg(m) , where m=0, 1, 2..., and M, - 1 and

d;(0)

mis represented as a data sequence number (or a data index), for example, indicates data whose data index

is0in dg(m) .

[0083] Optionally, before S401, the terminal may determine a value of K and a value of N.

[0084] Abase station may indicate K to the terminal. For example, RRC signaling or DCI sent by the base station to
the terminal carries indication information, where the indication information indicates K; or K may be set to a fixed value
and the fixed value may be configured in the base station and the terminal. For example, the base station and the terminal
may store the fixed value.

[0085] The base station may indicate N to the terminal. For example, RRC signaling or DCI sent by the base station
to the terminal carries indication information, where the indication information indicates N; or N may be implicitly deter-
mined, for example, both the base station and the terminal may determine N based on an allocated bandwidth. If a
quantity of subcarriers corresponding to a bandwidth allocated to the terminal is Ng, it can be learned that N=Ng/2.
[0086] Optionally, N=Ngc/2, where Ng. is the quantity of subcarriers corresponding to the bandwidth allocated to the
terminal.

[0087] Optionally, the base station may indicate Ng.. Alternatively, the base station may indicate a quantity of available
resource blocks of the terminal, and the terminal may determine Ng based on the quantity of available resource blocks.
[0088] S402. The terminal performs zero adding on the first source data stream to obtain a first zero-added data stream.
[0089] The terminal may add N/K zeros, and a length of the first zero-added data stream is N. The first zero-added
data stream may be represented as dj,547¢/0(17), Where n =0, 1, 2..., and N - 1, and n is a data index in the first zero-
added data stream, for example, d,4,6,(0) indicates data whose data index is 0 in dj,546r0(1)-

[0090] Optionally, the N/K zeros may be sequentially arranged based on an interval K. This may be understood as
that locations of the N/K zeros in the first zero-added data stream are k + p X K, where p is each integer from 0 to N/K
-1, kis avalue from 0 to K - 1, k is an integer, N is a positive integer, and K is a positive integer.

[0091] Optionally, the first source data stream is arranged in remaining positions in the first zero-added data stream
other than a position of zero. For example, the first source data stream is sequentially arranged in remaining positions
in the first zero-added data stream other than a position of zero.

[0092] Optionally, k = 0.

[0093] Optionally, a process of obtaining the first zero-added data stream through a zero adding operation may be
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represented by an expression. For example, k = 0 . A possible expression is:

. 0 ,amodK =0
padzero(n) - dg(n —|7}’Z/K—|) ,andK =0

[0094] mod indicates a modulo operation. For example, 2mod5=2, and 13mod5=3. I 1 in the formula indicates a
rounding-up operation.

[0095] For example, N =12 and K =4. A quantity of zeros added in zero adding is 12/4=3, a length of the first source
data stream is 12-3=9, and data sequence numbers in the zero-added data stream having a length of N = 12 are 0 to
11. Assuming that a mapping start point k =2, three pieces of data, that is, zeros, are mapped to locations 2, 6, and 10
in the zero-added data stream. Locations of the first source data stream in the zero-added data stream are 0, 1, 3, 4, 5,
7,8,9,and 11.

[0096] Thatis, Dpaen =1, (0),d(1),0,d](2),d(3),d(4),0,d}(5),d (6),d, (7),0,d,(8)]

[0097] Optionally, before S402, the terminal may determine a value of k.

[0098] A base station may indicate k to the terminal. For example, RRC signaling or DCI sent by the base station to
the terminal carries indication information, where the indication information indicates k; or k may be set to a fixed value
and the fixed value may be configured in the base station and the terminal. For example, the base station and the terminal
may store the fixed value.

[0099] S403. The terminal performs Fourier transform on the first zero-added data stream to obtain a first frequency-
domain data stream.

[0100] The Fourier transform is performed on the zero-added data stream d, 5,/ to obtain the first frequency-domain

0
data stream /¢ , which may be represented as follows:

—j27n'n

SN -1

( ) J—Z padzero(n)e v N _O l 2
scale

where j is an imaginary unit, and e is a base of a natural logarithm

[0101] The Fourier transform may be discrete Fourier transform (Discrete Fourier Transform, DFT) or fast Fourier
Nfﬁ

transform (Fast Fourier Transform, FFT). This is not limited in this application. scale Nis a coefficient for adjusting

mn 7N

power of output data obtained through the Fourier transform, ~ s¢a¢ is a real number, for example, =~ %% ,and

dO

ﬁE( ") is nth datain ¢

[0102] S404. The terminal obtains a second source data stream.

[0103] A length of the second source data stream is M,, where M, = N/K.

1
[0104] Optionally, the second source data stream may be represented as ds(m) ,m=0,1,2.,and My -1, mis
represented as a data sequence number (or a data index), and M, < N.

[0105] A sequence of generating the first frequency-domain data stream and generating the second frequency-domain
data stream is not limited in this embodiment of this application. For example, S401 to S403 may be first performed,
and then S404 to S408 may be performed. Alternatively, S404 to S408 may be first performed, and then S401 to S403
may be performed. Alternatively, S401 to S403 and S404 to S408 may be performed simultaneously.

[0106] S405. The terminal performs cyclic extension on the second source data stream to obtain an extended data
stream.

[0107] After a cyclic extension operation is performed on the second source data stream, an extended data stream

deoxiension Naving a length of N is obtained, and may be represented as follows:

(n)=d.(nmodM,) ,n=0,1,2,.,N-1

exz‘enszon
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[0108]  dqyionsion() is Nt data in dgysepsion- When My = NIK, it can be learned that the cyclic extension processing
represented by the above formula is equivalent to processing of repeated operations, that is, is equivalent to that the
second source data stream having the length of M, is repeated for K times to obtain an extended data stream having a
length of N. When M, = N/K, after several times of cyclic extension, the front part of data of the second source data
stream may be sequentially supplemented to the second frequency-domain data stream in the last time of cyclic extension,
so that the length of the second frequency-domain data stream is N.
[0109] S406. The terminal performs power adjustment on the extended data stream to obtain an adjusted data stream.
[0110] The power adjustment processing may be performed on the extended data stream to obtain the adjusted data
stream, which is specifically as follows:

dadjustment (n ) = H ) d

extension

(m)y=H-d!(nmodM,) ,n=012,. N-1

[0111] d and H is a power adjustment factor and is used to adjust power of the

adjustment
extended data stream.

[0112] Optionally, H is a function using the interval K as an independent variable, and different values of H may be
obtained by adjusting the value of K, to achieve different power adjustment effects.

[0113] Optionally, the value of H can be flexibly adjusted according to requirements on a channel environment and

receiver performance.

(n) is n" data in Aadjustment

H

[0114] For example, H may be represented as =a/NK , where ais indicated by signaling, and a may be a real

number.

[0115] Optionally, when a=1, # =1/~K

[0116] Certainly, a may be alternatively adjusted to another value to flexibly adjust the power of the second frequency-
domain data stream, to adapt to different scenario requirements.

[0117] When a=1, a ratio of power corresponding to the first frequency-domain data stream to the power corresponding
to the second frequency-domain data stream is approximately (K -1):1. In this case, a PAPR is preferable. For example,
when a signal carried in the second frequency-domain data stream is a reference signal, power of to-be-sent data is
approximately K - 1 times of power of the reference signal. In this way, when a channel environment is very desirable,
channel estimation is relatively accurate. Therefore, power of the reference signal is reduced and the power of the data
is increased, so that a performance gain can be obtained.

[0118] The value of H is flexibly adjusted, so that a power ratio between the two frequency-domain data streams can
be flexibly adjusted based on an actual channel environment to obtain better performance. For example, when the signal
carried in the second frequency-domain data stream is to-be-sent data, power of a reference signal is approximately K
- 1 times of power of the to-be-sent data. When a channel environment is relatively poor, a performance gain can be
obtained. In addition, the value of H is flexibly adjusted, so that a power ratio between the two frequency-domain data
streams can be flexibly adjusted based on an actual channel environment to obtain better performance.

[0119] S406 is optional.

[0120] S407. The terminal performs phase rotation on the adjusted data stream to obtain a second frequency-domain
data stream.

[0121] Optionally, a phase rotation operation may be performed on the adjusted data stream d,j;s/men: having the
length of N, to obtain the second frequency-domain data stream d, ;. having the length of N . A phase rotation angle
may be determined based on a phase factor, for example, is nt" data dagjustment(N) in the adjusted data stream multiplied
by a phase factor /24", A parameter a, in the phase factor is determined based on a specific mapping start point k for
mapping data zero. The phase rotation is performed in frequency domain and the phase rotation is correlated with k, so
that data shift can be implemented in time domain and locations of data in the combined third frequency-domain data
stream are staggered, thereby ensuring a better PAPR. In this way, desirable demodulation performance can be obtained
during subsequent sending on a base station side.

—27kn
Jon
[0122] Optionally, in a possible implementation, € =e ¥ . Therefore, the rotated data stream may be repre-
sented as:

—j2mkn
drotate (n ) = dadjustmem‘ (n )eﬂ"k” = dacﬁustment (n )e N .
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where

dml‘ate (n )

d

rotate
is nth data in
1
[0123] The rotated data stream is the second frequency-domain data stream ¢ and may be represented as:

djl?e (n ) = dromte (n ) )

[0124] It should be noted that when zero adding is performed on the first source data stream, and a mapping start
point k for mapping data zero is 0, it can be known that the phase factor is e/%" = 1. In this case, the second frequency-
domain data stream is the same as the adjusted data stream, and no phase rotation operation needs to be performed.
[0125] Optionally, the terminal may further perform the phase rotation on the extended data stream to obtain the
second frequency-domain data stream. In this case, the second frequency-domain data stream may be represented as:

—j27kn

drlna[e (n) = dex[ensinn (n)ejakn = d (n)e v

extension

djl?e (n ) = dromte (n ) )

[0126] S407 is optional.

[0127] S408. The terminal combines the first frequency-domain data stream and the second frequency-domain data
stream into the third frequency-domain data stream.

[0128] Optionally, combining processing herein may be understood as resource mapping, for example, frequency-
domain resource mapping.

[0129] The length of the first frequency-domain data stream is N and the first frequency-domain data stream may be
mapped to N subcarriers. This may be understood as that N pieces of data in the first frequency-domain data stream
are in a one-to-one correspondence with the N subcarriers. The length of the second frequency-domain data stream is
N and the second frequency-domain data stream may be mapped to N subcarriers. This may be understood as that N
pieces of data in the second frequency-domain data stream are in a one-to-one correspondence with the N subcarriers.
Each of the N subcarriers to which the first frequency-domain data stream is mapped is different from each of the N
subcarriers to which the second frequency-domain data stream is mapped. The first frequency-domain data stream and
the second frequency-domain data stream are mapped to a total of 2N subcarriers, and data mapped to the 2N subcarriers
may be referred to as the third frequency-domain data stream.

[0130] The third frequency-domain data stream is obtained by performing a combining operation on the two frequency-
domain data streams both having the length of N. A length of the combined third frequency-domain data stream is 2N
and is the same as a quantity of subcarriers corresponding to a bandwidth allocated to the terminal. Locations to which
the two frequency-domain data streams are mapped do not overlap.

[0131] In a possible implementation, both the first frequency-domain data stream and the second frequency-domain
data stream are mapped to to-be-sent frequency-domain data at a preset interval of two, and mapping start points are
different. If locations of the first frequency-domain data stream in the to-be-sent frequency-domain data are 0, 2, 4, 6,
8, ..., and 2N - 2, locations of the second frequency-domain data stream in the to-be-sent frequency-domain data are
1,3,5,7,9, ...,and 2N - 1, and vice versa. Assuming that the to-be-sent frequency-domain data is represented by d;.(n),
n=0,1, 2,...,2N - 1, the to-be-sent frequency-domain data may be represented as follows:

d;.(n/2]) nmod2=k,

d _
D=0 (ni2)) mmod2=1-k,

1"
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[0132] k,indicates a mapping start point of the first frequency-domain data stream in the to-be-sent frequency-domain
data, and has a value of 0 or 1. Correspondingly, 1-k; is @ mapping start point of the second frequency-domain data
stream in the to-be-sent frequency-domain data. L 1indicates a rounding-down operation.

[0133] S409. Perform inverse Fourier transform processing on the third frequency-domain data stream to obtain time-
domain data.

[0134] After the mapping is completed, the terminal may convert the to-be-sent frequency-domain data into time-
domain data. Optionally, the to-be-sent frequency-domain data having the length of 2N may be mapped to a frequency-
domain resource corresponding to the to-be-sent frequency-domain data, then inverse Fourier transform is performed,
and then cyclic prefix adding is performed to obtain time-domain data of a time-domain symbol.

[0135] S410. Send the time-domain data to the base station.

[0136] In addition, as can be learned from the foregoing descriptions, a ratio of the length of the first source data
stream to the length of the second source data stream is (K - 1):1. The length of the first source data stream indicates
a quantity of pieces of data included in the first source data stream. The interval K in the first frequency-domain data
stream is adjusted, so that the ratio of the length of the first source data stream to the length of the second source data
stream can be adjusted, to flexibly adapt to different application scenarios. In different scenarios, when the reference
signal and the to-be-sent data are frequency-divided in a same symbol, requirements on a ratio of power of the reference
signal to power of the to-be-sent data are different. For example, when a channel state is very desirable and a signal to
noise ratio (Signal to Noise Ratio, SNR) is relatively high, channel estimation may be relatively accurate, and a ratio of
the power of the reference signal to the power of the to-be-sent data may be reduced. To be specific, when total power
remains unchanged, the power of the reference signal is reduced. For example, when the first source data stream is
modulated data and there is a large amount of to-be-sent data, for an allocated bandwidth, the value of K may be
increased, so that the mount of to-be-transmitted data is increased. When a channel state is relatively poor and an SNR
is relatively low, a ratio of the power of the reference signal to the power of the to-be-sent data may be increased, that
is, the power of the reference signal is increased, to improve channel estimation performance.

[0137] In addition, signaling may be used to indicate whether the first source data stream corresponding to the first
frequency-domain data stream is a reference signal stream or a modulated data stream, to adapt to different scenarios.
For example, in a scenario in which a channel state is very poor, channel estimation performance needs to be improved
to ensure demodulation performance of a receiver. In this case, the first source data stream corresponding to the first
frequency-domain data stream may be a reference signal stream. To be specific, when the first source data stream is
a reference signal stream, compared with that the second source data stream corresponding to the second frequency-
domain data stream is a reference signal stream, power of a transmitted reference signal is higher, thereby improving
channel estimation performance.

[0138] FIG. 5b is a schematic flowchart of another data stream processing. As shown in FIG. 5b, a difference from
FIG. 5a lies in that before the first frequency-domain data stream and the second frequency-domain data stream are
obtained, processing on the first source data stream and the second source data stream is the same as that in FIG. 5b.
Atfter the first frequency-domain data stream and the second frequency-domain data stream are obtained, inverse Fourier
transform may be separately performed on the first frequency-domain data stream and the second frequency-domain
data stream, to obtain first time-domain data and second time-domain data, and then combining processing is performed
on the first time-domain data and the second time-domain data to obtain time-domain data through adding.

[0139] Optionally, in FIG. 4, FIG. 5a, and FIG. 5b, an example in which power adjustment processing is performed
after cyclic extension processing is used for description. It should be noted that the power adjustment processing may
be performed at another location, and the following provides descriptions.

[0140] The foregoing first processing and/or second processing may further include the power adjustment processing,
and the power adjustment processing may enable the power ratio of the first frequency-domain data stream to the second
frequency-domain data stream to be (K - 1) :1. For example, before the combining processing, a power ratio of the first
frequency-domain data stream to the second frequency-domain data stream is (K - 1) :1.

[0141] Optionally, when the first processing includes power processing, the power processing may be performed
before zero adding processing (which may be understood as performing the power adjustment processing on the first
source data stream). After the zero adding processing and before Fourier transform processing (which may be understood
as performing the power adjustment processing on the first zero-added data stream), or after the Fourier transform
processing (which may be understood as performing the power adjustment processing on the first frequency-domain
data stream before the combining processing).

[0142] Optionally, when the second processing includes power processing, the power processing may be performed
before cyclic extension processing (which may be understood as performing power adjustment processing on the second
source data stream). After the cyclic extension processing and before phase rotation processing (which may be under-
stood as performing the power adjustment processing on the extended data stream), or after the phase rotation processing
(which may be understood as performing the power adjustment processing on the second frequency-domain data stream
before the combining processing).
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[0143] Specifically, any one of the following manners may be used:

(1) The first processing includes power adjustment processing, for example, power adjustment is performed by
using afirst power adjustment factor, and the second processing includes power adjustment processing, for example,
power adjustment is performed by using a first power adjustment factor, where a ratio of the first power adjustment

factor to the second power adjustment factor is 11/ V K .
(2) The first processing includes power adjustment processing, for example, power adjustment is performed by

using a first power adjustment factor, where the first power adjustment factor is \/E .
(3) The second processing includes power adjustment processing, for example, power adjustment is performed by

VK

[0144] Optionally, when power adjustment processing is not performed, a length ratio of the first source data stream
to the second source data stream is N(K - 1) / K: N/K, that is, (K - 1) :1. The power ratio of the first source data stream
to the second source data stream is basically the same as the length ratio, and therefore is also (K - 1) :1. Through
power adjustment processing, the power ratio of the first frequency-domain data stream to the second frequency-domain
data stream may still be (K-1) :1. Therefore, a PAPR value basically remains unchanged after signal multiplexing.
[0145] Optionally, in FIG. 5b, power adjustment processing may be performed on the first time-domain data obtained
afterinverse Fourier transform is performed on the first frequency-domain data stream, and/or power adjustment process-
ing may be performed on the second time-domain data obtained after inverse Fourier transform is performed on the
second frequency-domain data stream. For content of performing power adjustment processing on the first time-domain
data, refer to content in which the first processing includes power adjustment processing. For content of performing
power adjustment processing on the second time-domain data, refer to content in which the second processing includes
power adjustment processing.

[0146] The following describes a method for generating the first source data stream and the second source data stream
in FIG. 4.

[0147] In afirst implementation, the first source data stream corresponding to the first frequency-domain data stream
is a reference signal stream, and the second source data stream corresponding to the second frequency-domain data
stream is obtained by performing Fourier transform on a modulated data stream having a length of M,, where a length
of the Fourier transform is M;.

[0148] In this case, the reference signal stream is a first reference signal stream, and the modulated data stream may
be referred to as a second modulated data stream.

[0149] The reference signal stream may be determined based on a ZC (Zadoff Chu) sequence, or may be determined
based on a sequence generated by a pseudo-random sequence. For example, the reference signal stream is determined
based on a ZC sequence, and a root of the ZC sequence is q. In this case, a length of the ZC sequence is N, and
does not exceed a maximum prime number of a length M,, of the first source data stream. The ZC sequence Xq may be
represented as:

using a second power adjustment factor, where the second power adjustment factor is

_axqgan x(m' +1)

x,(m)=e Nae m =012, N, —1

[0150] x4 (m’) is m™ data in x,.
[0151] In this case, the first source data stream may be represented as:

d)(m)=x,(mmodN,.), m=0,12,.M,~1

[0152] The second source data stream corresponding to the second frequency-domain data stream is obtained by

1
performing Fourier transform on the modulated data stream dq“m (m) , m=0,1,2,...,M; -1 having the length of M,. Op-

tionally, the modulated data stream may be data modulated based on, for example, Pi/2-binary phase shift keying (Binary
Phase Shift Keying, BPSK), quadrature phase shift keying (Quadrature Phase Shift Keyin, QPSK), 16 quadrature am-
plitude modulation (Quadrature Amplitude Modulation, 16QAM), 64 quadrature amplitude modulation (Quadrature Am-
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plitude Modulation, 64QAM). In this case, as described above, M; = N/K, and an expression is as follows:

1 M, —j2zm'm
dim)=——=>d, (me " .m'=012_ .M -1

’ I qam
M scale m=0

i ¥/
scale s g coefficient for adjusting power of output data obtained through the Fourier transform, and % is a
/.
Mscale _Ml

real number, for example, .

[0153] In a second implementation, the first source data stream corresponding to the first frequency-domain data
stream is a modulated data stream, and the second source data stream corresponding to the second frequency-domain
data stream is a reference signal stream.

[0154] In this case, the modulated data stream may be referred to as a first modulated data stream, and the reference
signal stream is a second reference signal stream.

[0155] In this case, the length of the modulated data stream is My = N(K - 1)/K.

[0156] The modulated data stream may be data modulated based on, for example, Pi/2-BPSK, QPSK, 16QAM, or
64QAM

[0157] The reference signal stream may be determined based on a ZC (Zadoff Chu) sequence, or may be determined
based on a sequence generated by a pseudo-random sequence. The reference signal sequence is determined in the
following two methods, as shown in the following.

[0158] One possible determining method is as follows:

[0159] For example, the reference signal sequence is determined based on a ZC sequence, and a root of the ZC
sequence is q. In this case, a length N of the ZC sequence is the same as the length M, of the first source data stream,
that is, Nz = My. In this case, the length M, of the first source data stream is a prime number. In this case, as described
above, M, = N/K, and the ZC sequence Xgq may be represented as:

mxgxam x{m +1)

x,(m)=e Nae =012, N, —1
[0160] In this case, the first source data stream may be represented as:
dsl(m):xq(mmodNZC), m=0,12,. M -1

[0161] The other possible determining method is as follows:

[0162] For example, the reference signal sequence is determined based on a ZC sequence, and a root of the ZC
sequence is q. In this case, the length N of the ZC sequence is the same as the length M, of the second source data
stream, thatis, N, =M. Inthis case, the length M, of the second source data streamis a prime number. Correspondingly,
as can be learned, when the cyclic extension operation is sequentially performed on the second source data stream to
obtain an extended data stream d;.,si0n(n) having the length of N, because N divided by M, is not an integer, the cyclic
extension operation cannot be equivalent to an integer quantity of repeated operations. In this case, the cyclic extension
operation may be considered as after a ZC sequence having a length of M, is repeated for LN/M,. times, adding the
first NALN/M, 1M, pieces of data in the ZC sequence to the end of repeated data.

[0163] In addition, the foregoing modulated data stream is obtained by performing a bit-level operation on bit data
included in a transport block (Transport Block, TB). A quantity of pieces of bit data included in the transport block may
be referred to as a transport block size (Transport Block Size, TBS). The bit-level operation includes one or more of
operations such as coding, rate matching, interleaving (interleaving), scrambling (scrambling), and modulation. The rate
matching operation is extracting a specific quantity of bit data from the coded bit data to perform modulation (or bit data
obtained after an operation such as scrambling and interleaving is performed on a coded bit), where a quantity of bits
of the extracted bit data is determined based on an allocated bandwidth and a modulation scheme.

[0164] During determining of a transport block (Transport Block, TB) size corresponding to modulated data, the size
may be determined based on the interval K and the quantity of subcarriers corresponding to the bandwidth allocated to
the terminal.

[0165] For example, the transport block size is determined based on K and the quantity of subcarriers corresponding
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to the bandwidth allocated to the terminal, and the quantity of bit data extracted through rate matching may also be
determined based on K and the allocated bandwidth. The transport block size may also be determined based on K, the
quantity of subcarriers corresponding to the bandwidth allocated to the terminal, and a modulation scheme, and the
quantity of bit data extracted through rate matching may also be determined based on K, the allocated bandwidth, and
a modulation scheme. Assuming that the quantity of subcarriers corresponding to the bandwidth allocated to the terminal
is Ngc, N=Ng/2. For example, the second source data stream corresponding to the second frequency-domain data
stream is obtained by performing Fourier transform on modulated data having a length of M;. The modulated data has
the length M,=N/K=N4/(2K). In this case, the transport block size may be determined based on the length N/(2K) of
the modulated data corresponding to the second source data stream, or may be determined based on the length N /(2K)
of the modulated data corresponding to the second source data stream and a modulation scheme. In this case, the
quantity of bit data extracted through rate matching may be determined based on the length N/(2K) of the modulated
data, or the quantity of bit data extracted through rate matching may be determined based on the length N,/(2K) of the
modulated data and a modulation scheme.

[0166] For an actual process of determining the transport block size, refer to a method in Long Term Evolution (Long
Term Evolution, LTE). In LTE, a corresponding transport block size is found from a table based on a quantity of resource
blocks (or a quantity of subcarriers) corresponding to an allocated bandwidth and a modulation scheme (BPSK, QPSK,
16QAM, 64QAM, or the like). Alternatively, refer to a method in NR. In NR, a transport block size is determined by using
a formula based on a quantity of resource blocks (or a quantity of subcarriers) corresponding to an allocated bandwidth,
a modulation scheme, and a bit rate. Therefore, in this embodiment of this application, a quantity of resource blocks (or
a quantity of subcarriers) in LTE or NR may be replaced with the length N,./(2K) of the modulated data corresponding
to the second source data stream and then determining is performed according to an existing method. For example, it
is defined in an NR standard that n,,, is a quantity of resource blocks allocated to UE. When n,, is a quantity of resource
blocks occupied by data of one symbol or a quantity of resource blocks occupied by a reference signal, it may be known
that n,, = Ngc/12/2 = N/12, where it is assumed that one resource block includes 12 subcarriers in frequency domain.
When n,,, is a quantity of resource blocks occupied by data of one symbol and a reference signal, it may be known that
Npry = Nsc/12, where it is assumed that one resource block includes 12 subcarriers in frequency domain.

[0167] FIG. 6 is a schematic composition diagram of a terminal according to an embodiment of this application. The
terminal may include:

a processing unit 100, configured to: determine a third frequency-domain data stream, where the third frequency-
domain data stream includes a first frequency-domain data stream and a second frequency-domain data stream,
a length of the third frequency-domain data stream is 2N, lengths of both the first frequency-domain data stream
and the second frequency-domain data stream are N, data in the first frequency-domain data stream and data in
the second frequency-domain data stream are separately mapped to differentlocations in the third frequency-domain
data stream, the first frequency-domain data stream is obtained by performing first processing on a first source data
stream, the firstprocessing includes zero adding processing and Fourier transform processing, the second frequency-
domain data stream is obtained by performing second processing on a second source data stream, and the second
processing includes cyclic extension processing; and

convert the third frequency-domain data stream into time-domain data; and

a transceiver unit 200, configured to send the time-domain data to a base station.

[0168] Optionally, a length of the first source data stream is N(K - 1)/K, a length of the second source data stream is
NIK, the zero adding processing includes adding N/K zeros to the first source data stream to obtain a first zero-added
data stream having a length of N, and locations of the N/K zeros in the first zero-added data stream are k + p X K, where
p is each integer from 0 to N/K - 1, k is a value from 0 to K - 1, kis an integer, N is a positive integer, and K is a positive
integer greater than 1, where

the Fourier transform processing includes performing Fourier transform processing on the first zero-added data stream.
[0169] Optionally, k=0.

[0170] Optionally, the transceiver unit 200 is further configured to:

receive first indication information from the base station, where the first indication information indicates a value of K.
[0171] Optionally, a power ratio of the first frequency-domain data stream to the second frequency-domain data stream
is (K-1):1.

[0172] Optionally, a power adjustment factor used in the power adjustment processing is = 1/\/? .

[0173] Optionally, the second processing further includes phase rotation processing, and a phase rotation factor of
2w

=e

o n
e] ¥

the phase rotation processing is ,n=0,12,.,N-1, eis a base of a natural logarithm, and j is an
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imaginary unit.

[0174] Optionally, the first source data stream is a modulated data stream, and the second source data stream is a
second reference signal stream; or

the first source data stream is a first reference signal stream, and the second source data stream is obtained by performing
Fourier transform processing on a second modulated data stream.

[0175] Optionally, the transceiver unit 200 is further configured to:

receive second indication information from the base station, where the second indication information indicates that
the first source data stream is a first modulated data stream and the second source data stream is the second
reference signal stream; or

the second indication information indicates that the first source data stream is the first reference signal stream and
the second source data stream is obtained by performing Fourier transform processing on the second modulated
data stream.

[0176] Optionally, the data in the first frequency-domain data stream is mapped to an odd-number location in the third
frequency-domain data stream, and the data in the second frequency-domain data stream is mapped to an even-number
location in the third frequency-domain data stream; or

the data in the first frequency-domain data stream is mapped to an even-number location in the third frequency-domain
data stream, and the data in the second frequency-domain data stream is mapped to an odd-number location in the
third frequency-domain data stream.

[0177] Forconcepts, explanations, detailed descriptions, and other steps of the terminal that are related to the technical
solutions provided in the embodiments of this application, refer to descriptions about content in the foregoing method
embodiments. Details are not described herein.

[0178] FIG. 7 is a schematic composition diagram of another terminal according to an embodiment of this application.
As shown in FIG. 7, the terminal may include a processor 110, a memory 120, and a bus 130. The processor 110 is
connected to the memory 120 by using the bus 130. The memory 120 is configured to store instructions. The processor
110 is configured to execute the instructions stored in the memory 120, to implement the steps in the methods corre-
sponding to FIG. 2 to FIG. 5b.

[0179] Further, the terminal may further include an input interface 140 and an output interface 150. The processor
110, the memory 120, the input interface 140, and the output interface 150 may be connected by using the bus 130.
[0180] The processor 110 is configured to execute the instructions stored in the memory 120, to control the input
interface 140 to receive a signal and control the output interface 150 to send a signal, to complete the steps performed
by the terminal in the foregoing methods. The input interface 140 and the output interface 150 may be a same physical
entity or different physical entities. When the input interface 140 and the output interface 150 are a same physical entity,
the input interface 140 and the output interface 150 may be collectively referred to as an input-output interface. The
memory 120 may be integrated into the processor 110, or may be disposed separately from the processor 110.
[0181] In an implementation, it may be considered that functions of the input interface 140 and the output interface
150 are implemented by using a transceiver circuit or adedicated transceiver chip. It may be considered that the processor
110 is implemented by using a dedicated processing chip, a processing circuit, a processor, or a general-purpose chip.
[0182] In another implementation, it may be considered that the apparatus provided in this embodiment of this appli-
cation is implemented by using a general-purpose computer. To be specific, program code for implementing functions
of the processor 110, the input interface 140, and the output interface 150 is stored in the memory, and the general-
purpose processor implements the functions of the processor 110, the input interface 140, and the output interface 150
by executing the code in the memory.

[0183] FIG. 8is a schematic composition diagram of a communications apparatus according to an embodiment of this
application. A communications apparatus 1000 may be the terminal in the embodiments of this application or a chip in
the terminal. Optionally, a communications unit 1003 of the communications apparatus 1000 may include an antenna
and a transceiver of the terminal.

[0184] The communications apparatus 1000 may be a chip in the terminal in the embodiments of this application, and
the communications unit 1003 may be an input interface or an output interface, a pin, a circuit, or the like. Optionally, a
storage unit 1002 may store computer executable instructions related to the method executed on a terminal side, so
that a processing unit 1001 performs the method on the terminal side in the foregoing embodiments. The storage unit
1002 may be a register, a cache, a RAM, or the like, and the storage unit 1002 may be integrated with the processing
unit 1001. The storage unit 1002 may be a ROM or another type of static storage device that may store static information
and static instructions, and the storage unit 1002 may be independent of the processing unit 1001. Optionally, with
development of wireless communications technologies, a transceiver may be integrated with the communications ap-
paratus 1000. For example, the communications unit 1003 is integrated with a transceiver and a network interface.
[0185] When the communications apparatus 1000 is the terminal in the embodiments of this application or a chip in

16



10

15

20

25

30

35

40

45

50

55

EP 3 879 776 A1

the terminal, the method performed by the terminal in the foregoing embodiments may be implemented.

[0186] The processing unit 1001 may generate a first source data stream and a second source data stream. The
processing unit 1001 may perform the first processing and the second processing in FIG. 2 to FIG. 5b. For example,
the processing unit 1001 may perform zero adding processing on the first source data stream to obtain a first zero-added
data stream, and perform Fourier transform processing on the first zero-added data stream to obtain a first frequency-
domain data stream. The processing unit 1001 may perform cyclic extension processing on the second source data
stream to obtain a second frequency-domain data stream. The processing unit 1001 may perform resource mapping on
the first frequency-domain data stream and the second frequency-domain data stream, to obtain a third frequency-
domain data stream. The processing unit 1001 may perform inverse Fourier transform processing on the third frequency-
domain data stream to obtain time-domain data. For a specific processing process, refer to related contentin descriptions
in FIG. 2 to FIG. 5b.

[0187] The storage unit 1002 may store various data streams or data in a process of generating the time-domain data.
For example, the storage unit 1002 may store one or more of the first source data stream, the first zero-added data
stream, the second source data stream, an extended data stream, an adjusted data stream, the second frequency-
domain data stream, the third frequency-domain data stream, and the time-domain data.

[0188] The communications unit 1003 may send the time-domain data to the base station. For a receiving process
and a sending process, refer to related content in descriptions in FIG. 2 to FIG. 5b.

[0189] For concepts, explanations, detailed descriptions, and other steps of the apparatus that are related to the
technical solutions provided in the embodiments of this application, refer to descriptions about content in the foregoing
method embodiments or other embodiments. Details are not described herein.

[0190] A person skilled in the art may understand that, for ease of description, FIG. 7 shows only one memory and
one processor. In an actual controller, there may be a plurality of processors and memories. The memory may also be
referred to as a storage medium, a storage device, or the like. This is not limited in the embodiments of this application.
[0191] It should be understood that in the embodiment of this application, the processor may be a central processing
unit (Central Processing Unit, CPU), or the processor may be another general purpose processor, a digital signal proc-
essor (DSP), an application-specific integrated circuit (ASIC), a field programmable gate array (FPGA) or another pro-
grammable logic device, a discrete gate or a transistor logic device, discrete hardware component, or the like. The
general purpose processor may be a microprocessor, or the processor may be any conventional processor or the like.
[0192] The memory may include a read-only memory and a random access memory, and provide instructions and
data to the processor. A part of the memory may further include a non-volatile random access memory.

[0193] The bus may further include a power bus, a control bus, a status signal bus, and the like, in addition to a data
bus. However, for clear description, various types of buses in the figure are marked as the bus.

[0194] In an implementation process, steps in the foregoing methods can be implemented by using a hardware inte-
grated logical circuit in the processor, or by using instructions in a form of software. The steps of the method disclosed
with reference to the embodiments of this application may be directly performed by a hardware processor, or may be
performed by using a combination of hardware in the processor and a software module. The software module may be
located in a mature storage medium in the art, such as a random access memory, a flash memory, a read-only memory,
a programmable read-only memory, an electrically erasable programmable memory, or a register. The storage medium
is located in the memory, and the processor reads information in the memory and completes the steps in the foregoing
methods in combination with the hardware of the processor. To avoid repetition, details are not described herein again.
[0195] According to the method provided in the embodiments of this application, an embodiment of this application
further provides a system, including the foregoing apparatus and one or more network devices.

[0196] It should be further understood that first, second, third, fourth, and various numbers in this specification are
merely for distinguishing for ease of description, and are not intended to limit the scope of the embodiments of this
application.

[0197] It should be understood that the term "and/or" in this specification describes only an association relationship
for describing associated objects and represents that three relationships may exist. For example, A and/or B may
represent the following three cases: Only A exists, both A and B exist, and only B exists. In addition, the character "/" in
this specification generally indicates an "or" relationship between the associated objects.

[0198] It should be understood that sequence numbers of the foregoing processes do not mean execution sequences
in various embodiments of this application. The execution sequences of the processes should be determined based on
functions and internal logic of the processes, and should not be construed as any limitation on the implementation
processes of the embodiments of this application.

[0199] A person of ordinary skill in the art may be aware that, illustrative logical blocks (illustrative logical block) and
steps (step) described with reference to the embodiments disclosed in this specification may be implemented by electronic
hardware or a combination of computer software and electronic hardware. Whether the functions are performed by
hardware or software depends on particular applications and design constraint conditions of the technical solutions. A
person skilled in the art may use different methods to implement the described functions for each particular application,
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but it should not be considered that the implementation goes beyond the scope of this application.

[0200] In the several embodiments provided in this application, it should be understood that the disclosed system,
apparatus, and method may be implemented in other manners. For example, the described apparatus embodiment is
merely an example. For example, the unit division is merely logical function division and may be other division in actual
implementations. For example, a plurality of units or components may be combined or integrated into another system,
or some features may be ignored or not performed. In addition, the displayed or discussed mutual couplings or direct
couplings or communication connections may be implemented by using some interfaces. The indirect couplings or
communication connections between the apparatuses or units may be implemented in electronic, mechanical, or other
forms.

[0201] All or some of the foregoing embodiments may be implemented by using software, hardware, firmware, or any
combination thereof. When software is used to implement the embodiments, all or some of the embodiments may be
implemented in a form of a computer program product. The computer program product includes one or more computer
instructions. When the computer program instructions are loaded and executed on a computer, all or some of the
procedure or functions according to the embodiments of this application are generated. The computer may be a general-
purpose computer, a dedicated computer, a computer network, or other programmable apparatuses. The computer
instructions may be stored in a computer-readable storage medium or may be transmitted from a computer-readable
storage medium to another computer-readable storage medium. For example, the computer instructions may be trans-
mitted from a website, computer, server, or data center to another website, computer, server, or data center in a wired
(for example, a coaxial cable, an optical fiber, or a digital subscriber line (DSL)) or wireless (for example, infrared, radio,
or microwave) manner. The computer-readable storage medium may be any usable medium accessible by a computer,
or a data storage device, such as a server or a data center, integrating one or more usable media. The usable medium
may be a magnetic medium (for example, a floppy disk, a hard disk, or a magnetic tape), an optical medium (for example,
a DVD), a semiconductor medium (for example, a solid-state drive), or the like.

[0202] The foregoing descriptions are merely specific implementations of this application, but are not intended to limit
the protection scope of this application. Any variation or replacement readily figured out by a person skilled in the art
within the technical scope disclosed in this application shall fall within the protection scope of this application. Therefore,
the protection scope of this application shall be subject to the protection scope of the claims.

Claims
1. A data stream multiplexing method, comprising:

determining, by a terminal, a third frequency-domain data stream, wherein the third frequency-domain data
stream comprises a first frequency-domain data stream and a second frequency-domain data stream, a length
of the third frequency-domain data stream is 2N, lengths of both the first frequency-domain data stream and
the second frequency-domain data stream are N, data in the first frequency-domain data stream and data in
the second frequency-domain data stream are separately mapped to different locations in the third frequency-
domain data stream, the first frequency-domain data stream is obtained by performing first processing on a first
source data stream, the first processing comprises zero adding processing and Fourier transform processing,
the second frequency-domain data stream is obtained by performing second processing on a second source
data stream, and the second processing comprises cyclic extension processing;

converting, by the terminal, the third frequency-domain data stream into time-domain data; and

sending, by the terminal, the time-domain data to a base station.

2. The method according to claim 1, wherein a length of the first source data stream is N(K - 1)/K, a length of the
second source data stream is N/K, the zero adding processing comprises adding N/K zeros to the first source data
stream to obtain a first zero-added data stream having a length of N, and locations of the N/K zeros in the first zero-
added data stream are k + p X K, wherein p is each integer from 0 to N/K - 1, kis a value from 0 to K- 1, k is an
integer, N is a positive integer, and K is a positive integer greater than 1, wherein
the Fourier transform processing comprises performing Fourier transform processing on the first zero-added data
stream.

3. The method according to claim 2, wherein k = 0.
4. The method according to claim 2, wherein the method further comprises:

receiving first indication information from the base station, wherein the first indication information indicates a value
of K.
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The method according to any one of claims 2 to 4, wherein a power ratio of the first frequency-domain data stream
to the second frequency-domain data stream is (K - 1):1.

The method according to claim 5, wherein the second processing further comprises power adjustment processing,

H=1/JK

and a power adjustment factor used in the power adjustment processing is

The method according to any one of claims 2 to 6, wherein the second processing further comprises phase rotation
—j27kn

_ N
=€ ,n=012,..,N-1,e

Jogn
processing, and a phase rotation factor of the phase rotation processing is €

is a base of a natural logarithm, and j is an imaginary unit.

The method according to any one of claims 1 to 7, wherein the first source data stream is a modulated data stream,
and the second source data stream is a second reference signal stream; or

the first source data stream is a first reference signal stream, and the second source data stream is obtained by
performing Fourier transform processing on a second modulated data stream.

The method according to claim 8, wherein the method further comprises:

receiving second indication information from the base station, wherein the second indication information indicates
that the first source data stream is a first modulated data stream and the second source data stream is the
second reference signal stream; or

the second indication information indicates that the first source data stream is the first reference signal stream
and the second source data stream is obtained by performing Fourier transform processing on the second
modulated data stream.

10. The method according to any one of claims 1 to 9, wherein

the data in the first frequency-domain data stream is mapped to an odd-number location in the third frequency-
domain data stream, and the data in the second frequency-domain data stream is mapped to an even-number
location in the third frequency-domain data stream; or

the data in the first frequency-domain data stream is mapped to an even-number location in the third frequency-
domain data stream, and the data in the second frequency-domain data stream is mapped to an odd-number
location in the third frequency-domain data stream.

11. A terminal, comprising:

a processing unit, configured to: determine a third frequency-domain data stream, wherein the third frequency-
domain data stream comprises a first frequency-domain data stream and a second frequency-domain data
stream, a length of the third frequency-domain data stream is 2N, lengths of both the first frequency-domain
data stream and the second frequency-domain data stream are N, data in the first frequency-domain data stream
and data in the second frequency-domain data stream are separately mapped to different locations in the third
frequency-domain data stream, the first frequency-domain data stream is obtained by performing first processing
on a first source data stream, the first processing comprises zero adding processing and Fourier transform
processing, the second frequency-domain data stream is obtained by performing second processing on a second
source data stream, and the second processing comprises cyclic extension processing; and

convert the third frequency-domain data stream into time-domain data; and

a transceiver unit, configured to send the time-domain data to a base station.

12. The terminal according to claim 11, wherein a length of the first source data stream is N(K - 1)/K, a length of the

second source data stream is N/K, the zero adding processing comprises adding N/K zeros to the first source data
stream to obtain a first zero-added data stream having a length of N, and locations of the N/K zeros in the first zero-
added data stream are k + p X K, wherein p is each integer from 0 to N/K - 1, kis a value from 0 to K- 1, k is an
integer, N is a positive integer, and K is a positive integer greater than 1, wherein

the Fourier transform processing comprises performing Fourier transform processing on the first zero-added data
stream.
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The terminal according to claim 12, wherein k=0 .

The terminal according to claim 12, wherein the transceiver unit is further configured to:
receive first indication information from the base station, wherein the first indication information indicates a value of K.

The terminal according to any one of claims 12 to 14, wherein a power ratio of the first frequency-domain data
stream to the second frequency-domain data stream is (K - 1):1.

The terminal according to claim 15, wherein the second processing further comprises power adjustment processing,

and a power adjustment factor used in the power adjustment processing is H=1/ VK )

The terminal according to any one of claims 12 to 16, wherein the second processing further comprises phase
—27kn
=¢

o
e] I

rotation processing, and a phase rotation factor of the phase rotation processing is ,n=0,12,...,

N -1, e is a base of a natural logarithm, and j is an imaginary unit.

The terminal according to any one of claims 11 to 17, wherein the first source data stream is a modulated data
stream, and the second source data stream is a second reference signal stream; or

the first source data stream is a first reference signal stream, and the second source data stream is obtained by
performing Fourier transform processing on a second modulated data stream.

The terminal according to claim 18, wherein the transceiver unit is further configured to:

receive second indication information from the base station, wherein the second indication information indicates
that the first source data stream is a first modulated data stream and the second source data stream is the
second reference signal stream; or

the second indication information indicates that the first source data stream is the first reference signal stream
and the second source data stream is obtained by performing Fourier transform processing on the second
modulated data stream.

The terminal according to any one of claims 11 to 19, wherein

the data in the first frequency-domain data stream is mapped to an odd-number location in the third frequency-
domain data stream, and the data in the second frequency-domain data stream is mapped to an even-number
location in the third frequency-domain data stream; or

the data in the first frequency-domain data stream is mapped to an even-number location in the third frequency-
domain data stream, and the data in the second frequency-domain data stream is mapped to an odd-number
location in the third frequency-domain data stream.

A communications apparatus, comprising a processor, wherein the processor is coupled to a memory, the memory
is configured to store a computer program or instructions, and the processor is configured to execute the computer

program or the instructions to perform the method according to any one of claims 1 to 10.

A computer-readable storage medium, wherein the computer-readable storage medium stores instructions, and
when the instructions are run, the method according to any one of claims 1 to 10 is implemented.
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A terminal obtains a first source data stream
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